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OBJECTIVES
Irrigation is central to Pakistan's agriculture; and managing the country's canal, ground, and surface water resources in a more efficient, equitable, and sustainable way will be crucial to meeting agricultural production challenges, including increasing agricultural productivity and adapting to climate change. In spite of significant investments in raising irrigation efficiency, low agricultural water productivity is still one of the key issues challenging water use sustainability and food security in Pakistan. Groundwater provides more than 40 percent of water used for irrigation, particularly in Punjab, and is now being rapidly depleted due to inexpensive drilling technology, cheaper pump-sets, and greater control of water use by farmers. Given increasing energy and food prices, growing water scarcity, and increased frequency and intensity of extreme events-possibly related to global climate change-Pakistan must start an open debate on how the interlinked objectives of water, energy, and food security can be jointly achieved, at minimal cost and maximum benefit for the Pakistani people.
The water component of the International Food Policy Research Institute's Pakistan Strategy Support Program (PSSP) is working to address these topics through high-quality research and policy engagement, working closely with the United States Agency for International Development (USAID) and the Pakistan government. As one of the first activities of this program, the PSSP undertook a stakeholder mapping activity to provide the project team with a basic understanding of the policy landscape for agricultural water management in Pakistan, to understand how to engage with stakeholders in the landscape, and to assess possible entry points for water conservation. The results reflect the perceptions of a group of key water management stakeholders about the informal interactions that drive water policy in Pakistan and also about how the formal interactions play out in practice.
INTERVIEW METHOD
The primary method used for the stakeholder analysis was Net-Map. Net-Map (Schiffer and Waale 2008) is a participatory interview technique that combines social network analysis (Wasserman and Faust 1994) , stakeholder mapping, and power mapping (Schiffer 2007 ). Net-Map helps people understand, visualize, discuss, and improve situations in which many different actors influence outcomes. By creating physical maps, individuals and groups can clarify their own view of a situation, foster discussion, and develop a strategic approach to their networking activities. The process can also help outsiders understand and monitor complex multi-stakeholder situations.
Net-Map allows stakeholders to examine not only the formal interactions in the network but also the informal interactions that cannot be understood by merely studying documents concerning formal policymaking procedures. Actors meet to exchange information and lobby for certain policy goals; local and international initiatives contribute by adding funds or research; and all of these interactions contribute to shaping the content and process of policymaking. To get a realistic understanding of these formal and informal links and how the actors use them to influence the policy process, empirical fieldwork is crucial (as only the formal links can be deducted from government documents). To understand how the actors interact with one another in the process, social network analysis (SNA) approaches are especially suitable, as they allow for a complex representation of a system, putting the actions of individuals and organizations into a greater perspective. SNA (Hanneman and Riddle 2005) explains the achievements of actors and the developments within groups of actors by looking at the structure of the linkages between these actors. Thus, while traditional survey-based approaches collect data about attributes of actors, network analysis focuses on gathering information about the network through which these actors connect.
The Net-Map process typically involves the following three steps Two Net-Map exercises were undertaken, one at the national level and one in Punjab. While the processes were the same in the two locations, the focus and scale were slightly different: The national interview focused on the influence over policy at the national level, and the Punjab interview discussed water policy influence in Punjab. Given Punjab's key role in agriculture in Pakistan, national-level decisions are particularly pertinent to and dependent on Punjab. Boxes 2.1 and 2.2 show the specifics of each exercise. The answers to these questions were arrived at by group consensus. The actors' names were written on small note cards and spread across a large piece of paper. Upon nominating an actor to be included, respondents explained why that actor was important to add. Next, links or flows were drawn between the actors, according to the group's knowledge and perceptions. The specific links drawn were formal oversight, depicting formal lines of authority, usually within the government; funding, depicting allocation of funds, grants, or loans; technical information, depicting provision of information related to technical aspects of agricultural water management; and pressure, depicting pushing for particular policy outcomes through informal mechanisms. Then influence scores were attributed to each actor's card as follows: scores in the Punjab exercise ranged from 0 (no influence) to 5 (highest degree of influence), and in the national exercise, 0 (no influence) to 3 (highest degree of influence).
The outputs from these exercises are (1) visual depictions of the network of perceived interactions related to agricultural water management in Pakistan from two perspectives, and (2) notes from the indepth discussions during the interview process. The network data were entered into a social network analysis program to better assess the network structure. The influence scores attributed by the respondents were inputted as well, so that the nodes (the representations of each stakeholder in the network) can be sized according to perceived influence over shaping agricultural water management policies and decisions. The visual depictions of the network and the key lessons learned from the networks, and in particular from the discussions with respondents, are described in the next section.
Some limitations of the data collection process should be noted. First, a small number of stakeholders were interviewed. Therefore, some divergent views may not be reflected here. Second, the participatory nature of the interviews combined with hierarchical culture and issues of status between participants may lead to some individuals having a louder voice in the results. In spite of these limitations, we feel confident that the exercises have produced an illustrative snapshot of the perceptions and ideas of stakeholders and that the process of facilitating consensus on each step of the interview process draws out the views of all involved.
In the rest this paper we provide an overview of the results from each exercise, and then the outcomes are compared and contrasted and the implications are discussed in the concluding section.
Overall question: Who influences agricultural water management policy in Punjab?
Links: Who has formal oversight over whom? Who provides funding to whom? Who provides technical advice to whom? Who pressures whom?
Influence: How influential is each actor over agricultural water management policy in Punjab?
ANALYSIS AND DISCUSSION RESULTS
National Network Results
The complete multiplex network combines information from four different types of flows that were captured in the national Net-Map interview. These links were formal authority, technical information, informal pressure, and funding. The resultant network includes 48 actors and 130 individual links. It has a very high level of centralization, meaning that a few actors are highly linked but most actors are not well connected. A core-periphery analysis shows that the Ministry of Finance, the Ministry of Planning & Development (MoP&D), and the provincial government make up the core of the network and all other actors are seen as the periphery (Figure 3 .1). Table A .1 in the appendix for full names of actors.
Sixteen of the actors are a part of the federal government and nine are in the provincial government, making the majority of actors governmental. There is a combined total of 15 NGO's, UN, and donor organizations. Research plays a very small role in the network, with only three actors. Table 3 .1 shows influence scores compared to degree of centrality, or the number of links that an actor has. "InDegree" refers to the number of arrows pointing to the particular actor, and "OutDegree" to the number of arrows pointing away from the actor. Those with the highest influence are largely governmental-Ministry of Finance, provincial government, MoP&D/National Planning Commission (NPC), Provincial Irrigation Department, and Water and Power Development Authority (WAPDA)-with the exception of the media and the large-scale agricultural companies and their associations. The MoP&D/NPC displays the starkest contrast, with 16 actors relating to this entity formally, informally, financially, or for technical information; while they have only one out-link with the Inter-Provincial Coordination Committee (IPCC). The actor with the highest influence is the provincial government. This actor also has the highest degree of centrality. The donors have the second highest influence but their degree of centrality is much lower than that of the provincial government, insinuating that the links they do have are highly influential. While the federal government does play a large role in the network, with the second highest degree of centrality, they are not seen as highly influential in provincial water management. This is particularly important as it reflects the changes in governance and power distribution that came with devolution-a process stemming from the passing of the Eighteenth Amendment of the Constitution, which mandated the decentralization of government power and began with the devolution of 18 federal ministries in 2011.
Formal Authority
The formal authority network (Figure 3 .2) represents relationships of formal authority and oversight among actors. At the national level, the prime minister's office (PMO) has formal authority over the various ministries included in the map. At the provincial level, the provincial government has formal authority over the provincial departments. When interviewees referred to the provincial government, they considered it as representing the chief minister of the province, who is the lead decision-maker in the province and equivalent to the prime minister at the national level. See Table A .1 in the appendix for full list of actors.
Informal Pressure
The informal pressure network (Figure 3. 3) represents flows of informal pressure related to agricultural water policy. In this network are 36 links total. The actors with the highest degree of centrality-highest number of pressure links-are the MoP&D and the NPC. These actors were aggregated into a single actor because the NPC is under formal control of the MoP&D; although the NPC is seen as an active decisionmaking body, it was also seen to always act in line with the views and preferences of the broader ministry. The types of actors pressuring MoP&D/NPC include other government actors, NGO actors, private sector, and donors. All of its informal pressure links are incoming, meaning that it also has the highest in-degree centrality, which is the total count of incoming links. 
Technical Information
The technical information network ( 
Funding
The Funding flows in the network (figure 3.5) come primarily from external actors (donors and international organizations) to the Ministry of Finance, where they are allocated to other government bodies, including the provincial government. The role of the Ministry of Finance in allocating funds is the core rationale for its high influence level. In addition, some funds are provided directly to the provincial government from external actors, bypassing the national government. 
National Discussion Results
Federal Government Actors
The federal government was central to discussions of water policy at the national level. Of the many federal government actors discussed, the MoP&D-the elected government's main policymaking bodywas seen as the key government body in terms of water management. Within the MoP&D, the NPC controls the allocation of budgetary resources, making it the primary focal point for those seeking to influence policy. The Ministry of Finance controls the disbursement of the NPC's budget allocations and has an interest in fiscal restraint. At times interview partners would refer to the MoP&D, the NPC, and the PMO collectively as the federal government, viewing them as a cohesive decision-making body. To distinguish the distinct roles and positions of the various government actors, we maintained the PMO as a separate actor with distinct links.
The Ministry of Water and Power (MoWP) is responsible for implementing many components of national water policies, particularly through its administrative responsibility for the Indus River System Authority (IRSA), WAPDA, and the Federal Flood Commission. IRSA is a major stakeholder in water distribution among the provinces because it is responsible for allocating Indus waters, the primary water source for Punjab and Sindh and therefore of particular significance to them. WAPDA is an important administrator and financier of the development of infrastructure for both irrigation and hydroelectric power generation. WAPDA is additionally responsible for addressing waterlogging and soil salinization, and it collaborates with provincial authorities on these matters through technical information sharing.
Donors and Other Development Partners
The World Bank was consistently described as the most influential donor at both the national and provincial levels due to its knowledge base and evidence in support of its policies prescriptions. This allows it more influence than its budget would indicate relative to other major donors. The World Bank provides funding for many policymaking activities and has been involved in the development of four successive national water policies since 2000. The World Bank has also become more invested in training and capacity-building activities, which are an essential complement to policy development.
The RSPs include the Rural Support Programme Network (RSPN) and the National Rural Support Programme (NRSP). RSPs are the key bodies working directly with farmers and communities to provide poverty alleviation programs including government-funded social welfare services. The RSPN has some influence over the NPC through the involvement of a few key individuals with great expertise such as Mr. Shoaib Sultan-who is the chair of the network-through his books and public presence.
Private Sector
The Federation of Chamber of Agriculture, Pakistan (FCAP), and other private industry associations 2 were listed among those groups influencing national agricultural policies, including those relating to irrigation. Certain industries are very influential in agricultural policy through good representation in parliament. Political support for certain crop-related policies can indirectly favor water-intensive agricultural land use and increase incentives for over-extraction of available water resources.
Punjab Network Results
The complete multiplex network (Figure 3 .6) combines information from four different types of flows that were captured in the Punjab Net-Map interview. These links are formal authority, technical information, informal pressure, and funding. The resultant network is much simpler than the national network, with 17 actors and 73 total links. It has very low centralization, which means that there is a relatively equal level of participation among all the actors. Although the network depicts agricultural water management within Punjab, the federal government still plays a large role, with five national government actors and only four provincial government actors. Research plays a somewhat larger role here than at the national level, with three actors in this category.
Similar to Table 3 .1, Table 3 .2 presents influence scores compared to centrality values or the number of links (total, incoming and outgoing) that an actor has. The provincial government shows both highest influence and the largest number of links with other actors, while donors rank second with just half the links. 
Formal Authority Network
The formal authority network of actors influential in Punjab's water management is quite simple (Figure  3.7) . At the provincial level are only three actors seen as having formal authority links, with the provincial government at the top. Federal-level actors are also seen as playing a role in Punjab's water management, with the federal government at the top. 
Technical Information Network
Most flows of technical information in the network are two-directional, which means they reflect exchanges of information (Figure 3 .8). The actor with the highest degree of centrality (the highest number of links) is the provincial government, with 16 links (8 incoming and 8 outgoing). The provincial government exchanges information on water management with many different types of actors, including the federal government, research, media, NGOs, and donors and bi-laterals. The Punjab Agriculture Department (PAD) has the second highest centrality, with seven total links. PAD is one of few (three) actors that gives information to farmers. In addition, PAD is linked directly to the federal government body WAPDA. 
Informal Pressure Network
Once again the provincial government is the most central actor in the network in terms of degree centrality with five of the network's six total links (Figure 3.9) . The provincial government receives pressure from farmers, which is noteworthy because it is not connected to farmers by any of the other links, with the exception of a funding link to pay for water use. The provincial government pressures only one actor: IRSA. In a separate component of the network, PID/PIDA (the Provincial Irrigation Department and the Punjab Irrigation and Drainage Authority) pressures one actor, the Water User Associations. 
Funding Network
The provincial government has an equal number of incoming funding links as outgoing (Figure 3.10) . This indicates that it may play the role of a conduit for funding, receiving from some (NPC and donors) and then allocating these down to others (PAD and PID/PIDA). The RSPs-the key mechanisms for support for farmers-are seen as NGOs but receive both external funds from donors and bi-laterals and governmental funds from the provincial and federal governments. Farmers receive funds from RSPs in the form of small loans and other financial and in-kind support. They are also obligated to pay the provincial government for their water use. Private-sector engineering consultants receive funding from both provincial government bodies-PAD and PID/PIDA-and the federal government body WAPDA to undertake various engineering projects at the provincial level.
Punjab Discussion Results
Interviewees in the Punjab Net-Map session discussed the network of actors on agricultural water management in the province, the roles they play, and their ability to influence relevant policy and programs. Below we summarize the main points that came out of that discussion, reflecting the opinions and perspectives of the interviewees.
Provincial Government
The provincial government played a prominent role in the Punjab Net-Map discussions. When interviewees discussed the provincial government, they were typically referring to the highest government authority at the province level, the chief minister's office. However, at times they would also discuss the provincial government as the provincial politicians and legislators. In the provinces, the chief secretary plays a coordinating role among different ministries and is their channel of communication to the chief minister. The chief minister's office also liaises at the federal level to influence federal policy.
The central policymaking and decision-making body is the Planning and Development Department (the provincial-level office of the Ministry of Planning and Development). It allocates and coordinates flows of resources from the federal government to the province. It works with the Finance Department, which disburses the funds.
PID was described as "the powerful owner of water in Punjab." The engineers and sub-division officers (SDOs) who are part of the department are seen as the local decision-makers within PID. Interestingly, water dispute settlement powers also reside with the PID, which means that civil engineers might be acting as magistrates on such disputes.
In an attempt to increase the role of water users (farmers) in the decision-making processes, the World Bank spearheaded a water management reform initiative. This led to the creation of PIDA, which gives more power to water users through Water User Associations and other mechanisms. In Punjab, the PIDA reform process has not been enforced in its entirety yet. 3 The intention of the reform was to have PIDA autonomously govern canal allocations, but they are currently still governed by PID. Interviewees explained that there is tension between PIDA and PID regarding which body should rightfully have authority over water management. They also stated that the transition to a PIDA-governed participatory system has likely not taken place due to the vested interests of those in power.
Another interesting point raised by interviewees related to the PIDA system was the elite capture of the participatory organizations by owners of large, wealthy farms. These land-owning farmers are seen as usurping the participatory organizations to further their own interests rather than the interests of tenantfarmers or hired farm-laborers. Furthermore, land-owning farmers were also seen as pressuring the government (denoted in the pressure network above) to provide preferential treatment, including through the provision of subsidies and infrastructure support in the form of consistent water flow, lining of canals, and higher quality of extension services.
Donors and Other Development Partners
Since the devolution, donors have been providing funds directly to the provincial government. Thus, these funds, often coming in the form of low-interest loans, are a provincial liability, but in most cases the provincial Planning and Development Department requires approval and underwriting of the federal government.
As with the national interviewees, Punjab interviewees considered the World Bank to be the most powerful and influential donor in Punjab. Although the World Bank provides only a relatively small portion of the province's total budget, it is seen as having a tremendous amount of influence due to the strength of the evidence and knowledge that it brings to the policy dialogue.
In the Punjab network, the actor RSP includes the RSPN and the NRSP-in as far as they operate in the province-as well as the Punjab Rural Support Programme (PRSP). RSPs work directly with the farmers and communities to provide government-funded social welfare services, microcredit loans, and other poverty alleviation programs. They are not governmental bodies but do work closely with and receive funds from the government. Regarding water, RSPs in Punjab are working on soil reclamation, community cooperatives, and microcredit for tube wells and machinery. Other projects include technology dissemination such as tube wells and drip/lift irrigation, and more generally, education about water conservation practices in arid regions.
CONCLUSIONS
The results of the two Net-Map exercises described above illustrate two distinct yet overlapping networks. Network structures and specific actors are different across the two networks, but perceptions of the influence and roles of the key actors were largely consistent. This section reviews the key contrasting and supporting points across the two sets of discussions and then outlines some implications drawn from these results.
The national network was complex and highly centralized, with 48 actors and a strong coreperiphery structure. In contrast, the Punjab network was made up of far fewer actors (17) and had a very low level of centralization, indicating a relatively equal level of participation of all actors in the network, rather than a centrally dominated network as in the national map. One interesting aspect of the Punjab network in this regard is that, distinct from the national map, technical information is seen as almost entirely bi-directional; all those who receive technical information from another actor also provide it. This is not the case in the national map, where most national actors are directing technical information to the Ministry of Planning and Development (MoP&D) and the National Planning Commission (NPC); and therefore the Punjab map depicts a certain equality of information flow rather than the typical model of pushing information to a single decision-making body.
In the Punjab map the federal government has high centrality but a relatively low influence score. Furthermore, at the national level, the provincial government is seen as an active player in national policy, providing pressure and information to the key national government bodies (MoP&D and NPC). This likely reflects both the recent decentralization of power to the provinces and the fact that Punjab is the key province for agricultural water management issues.
The funding network in the national Net-Map shows how the provinces are now directly targeted with funds, as a result of the devolution process. External funders largely focus equally on the provincial government and the federal government. Although the national map shows many sources of external funding, the World Bank was considered the key donor both nationally and in Punjab. There was some discussion in the Punjab interview of push-back on certain World Bank directives, indicating some divergence of priorities and some provincial autonomy in spite of this donor's highly influential position.
Some implications for water management policy and research follow. Firstly, there is a need for investment in capacity building and management training for agricultural water management. It was noted that the "best and brightest" do not enter this sector due to a lack of a clear career path in this sector and the fact that the sector is controlled by political appointees.
Also, competition among stakeholders for authority, resources, and influence over policy at times undermines the pursuit of common goals, which may become secondary to individual institutions' interests. While this is a common occurrence in policy and power negotiation, the incomplete reform of the Provincial Irrigation Department (PID) is a key casualty of such tussles. The current system is essentially made up of two redundant governing structures. It is possible that earlier involvement of PID representatives and leaders-focusing on maximizing collaboration and building consensus before defining and implementing changes-would have improved reform outcomes in the Punjab Irrigation and Drainage Authority (PIDA) reform process. Examining the more successful example of reforms in Sindh Province could provide additional concrete suggestions on how to move forward with the reform process.
Regarding the interview structure and method, the Net-Map exercise was selected to assess the roles and influence of institutions within the water policy system in Pakistan. Net-Map has proved useful for illuminating common perceptions of the institutional environment of water management policy, eliciting views on the obstacles to a successful policy reform process, and identifying the most influential and central stakeholders.
During the course of the interviews it became apparent that board governance and board appointments to important organizations would be an additional indicator of political and economic linkages between stakeholders to better understand the informal and influential networks at play. This is an important topic to consider for future institutional research in Pakistan. 
APPENDIX: SUPPLEMENTARY TABLES
